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Abstract 
In the article below the author describes best practices of his company’s 25-years experience in the field of 
development and industrial implementation of complex corporate-level software systems for solutions to everyday 
production and planning tasks in water supply. 
All software systems described have been developed using the specialized CityCom™ platform that includes 
instrumentation tools not only for GIS-based inventory and hydro-modeling but also for dispatch management, 
accident localization control, providing events logs & analysis (flow parameters, damages, works, machinery usage, 
diagnostics), planning of capital repairs and etc. 
The basic principle underlying the software systems provided is the main tenet of informatics science: any data has 
to be identified and stored only once and in one place. So all of the CityCom™ corporate-level projects use a single 
corporate database that consist of hundreds of tables where all the data is stored in accordance with the above-
mentioned principle. 
The feature of CityCom™ that appears to be most in demand is the ability to perform hydraulic modeling with no 
limits imposed on the following parameters: network dimension, number of loops, number of sources and pump 
stations working simultaneously. However, a key feature of CityCom™ hydro-modeling instrumentation is that it 
can be used not as «standalone» application but as an integral part of a complex system combining all aspects of 
water-supply enterprise data modeling solution. 
The economic advantages of its implementation are ensured by: 
- optimizing of pipeline networks topology and parameters (reconstructions and switching); 
- optimizing of hydraulic modes according to diurnal fluctuations of water consumption (dispatching of current 
switches and pump stations control); 
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- reducing the number of accidents as well as defects and damages (10-12% per year during the first 5-6 years, then 
stabilizing) and as a result, reducing the cost of repairs; 
- reducing of potable water loss down to 5..6% of water supply volume; 
- improving ergonomics and staff productivity. 
All implementations for water supply and sewerage systems are located in Russia. Largest of them in terms of scale 
are in the cities (population / pipelines network length): Nizhny Novgorod (1.300.000/5.000 km), Novokuznetsk 
(550.000/1.800 km), Naberezhnye Chelny (530.000/ 1.400 km), Yoshkar-Ola (270.000/1.300 km). 
Payback of expenses for implementation of the above has made from 2 to 5 years.  
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of HIC 2016. 
Keywords: hydro-modeling; implementation; software platform; CityCom; grid operation 
Introduction 
This paper is not about modern approaches to mathematical modeling or real-time flow simulation, but about 
much more boring things. It's about what hundreds of thousands of professionals do every day to supply us with 
clean water and heat and remove dirty wastewater from cities. It's about everyday business practices. I am the head 
of a company of IT practitioners who have been serving water supply and sewerage practitioners for over 25 years 
now.  
All major public utilities, including water service companies, generally use a variety of software tools to achieve 
their local production targets. These include hydraulic calculations and performance modeling, network and 
equipment logging and inventory, repair planning and logging, accounting and billing, dispatch control and 
operating management optimization, etc.  
If we analyze all datasets and information arrays handled by these software tools, e.g. those used by a water 
supply company, we will see that a huge amount of information is duplicated in various applications, with no or 
limited exchange of data between them.  
The simplest example of such item of information is the length Lbr of a line section from one well to another. This 
value is used for calculations and modeling of hydraulic conditions, accounting, materials management, repair 
planning, damage records, and for many other purposes. There are lots and lots of such “multipurpose” data, from 
topological network connectivity descriptions to water consumption facility characteristics. Independent repeated 
storage of this type of information in datasets of various application programs, which resembles a “data junkyard”, 
leads to data inconsistency and makes it much harder to take technical and organizational decisions based on 
accurate information about managed assets.  
The main idea embraced by me and my colleagues for 25 years is to minimize the interference of the human 
factor in order to get an unbiased picture. It means that the approach to workflow computerization should be as 
comprehensive as possible and the rule of the single version of the truth should always be observed for each and 
every item of information and information set.  
This is the underlying principle of the CityCom platform solution, which is the basis for integrated information 
projects implemented at many large water supply and district heating companies. Two examples of top-quality 
computerization projects with the highest level of efficiency and return on investment are described below. 
1. OJSC “Nizhegorodsky Vodokanal” (Nizhny Novgorod, Russia) 
1.1. Project Summary 
Nizhny Novgorod, with a population of about 1,300 thousand people, is the fifth-largest city in Russia. It is 
located at a place where the Oka empties into the Volga. The left-bank part of the city is flat whereas the right-bank 
part has a complex terrain, with an elevation difference reaching 140 m.  
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Nizhegorodsky Vodokanal, the water and wastewater company of Nizhny Novgorod, is one of the largest public 
utilities in Russia. The company employs over 2,500 people and operates almost 2,000 km of water supply lines and 
1,500 km of sewers.  The company dates back to 1847.  
The company launched the computerization project in 2011. At that time, the company had several software 
solutions in place for water supply and sewerage systems: The Duty Plan, Municipal Geoinformation System (GIS), 
the corporate InGeo Geoinformation System which included the database for water supply and sewerage systems, 
and MikeNET for hydraulic calculations. In addition, the company used a number of other programs such as 1C for 
accounting and fixed asset count, Everest Billing System, etc. A huge amount of unsystematized data was stored in 
simple office MS Word and Excel documents. All these programs were operated separately from each other by 
various departments, without any synchronization or interfacing, which is rather common for the Russian water 
utility sector. By 2011, six years after the works started, no more than 10% of network data had been entered into the 
database of the systems and by that time they were already in need of updating. 
1.2. Launch of the Integrated Computerization Project and Platform Selection 
In 2011, the company's management embarked on an ambitious mission to create an “intellectual” water utility 
with “intellectual” investments.  
The first thing they did was to take stock of the existing data sets and select the right tools. Following a thorough 
analysis of the available information platforms, they chose two platform solutions from the variety of software 
packages: CityCom (POTOK Engineering Company) and Microstation (Bentley). After considering all pros and 
cons, CityCom has been selected. The first and most convincing argument in favor of CityCom was that the 
developer had a long and strong track record of successful development and implementation of systems based on this 
process platform in the domestic water utility sector. The second and equally compelling argument was that 
Vodokanal needed a flexible developer to customize the tools to their specific requirements and integrate the 
application seamlessly into the company's IT architecture.  
The approach was based on the concept of a “shared information space”, which implies that in addition to GIS 
components and hydraulic modeling tools, the same software environment will enable dispatcher control, billing 
system interfaces, repair management, and any other tasks related to long-term planning and development of water 
supply and sewerage systems in line with the urban area development plan. 
At the same time when CityCom was implemented, in late 2011 massive inspections and certifications of 
networks and equipment began. During the first two years after the implementation, drawings were made and 
certificates were issued for almost 2,000 km of water lines and 1,500 km of sewers, with the full process description 
of the networks and water supply/sewerage pump stations. Since that time and up to now, data have been updated on 
an ongoing, daily basis. 
1.3. Current Status of the Project 
As mentioned above, the idea of the so-called “upscaled hydraulic model” using considerable simplifications was 
rejected from the very beginning, to the benefit of project complexity and applicability by all operating teams. This 
is why the database of the computed hydraulic model contains a complete certification description of networks, 
down to each and every water supply/sewerage facility (Fig. 1). However, this does not seem to affect the rate of 
hydraulic modeling, which is performed automatically in the background mode after every switching in the model 
within a couple of seconds. The principle of description of the computed hydraulic model “up to each consumer 
connection” provides a link to the billing system based on consumer addresses, with automatically updated 
consumer loads in the model from meter data. This, in turn, will keep the hydraulic model updated and able to deal 
with dispatching tasks related to outages, consumer communications, new connection planning, etc. 
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Special mention should be made of the implementation of Orders, one of the most complex CityCom subsystems. 
This application is basically a specialized dispatcher document flow related to decision making, recording, and 
follow-up throughout the entire life cycle of any request (order) received by the dispatching service. Requests may 
be made by residents, enterprises or the company's departments for scheduled or emergency outages, switching, 
operations, changes in water supply conditions, etc. A rather complicated system of permits, approvals, and orders 
for works or use of materials, vehicles and machinery at each stage of this life cycle is documented in the electronic 
Orders Log. Log records are linked not only to network and facility flowcharts but also to the electronic model 
simulating network behavior. Any switching or change in water supply regimes due to operations carried out under 
an order are first checked against a simulator model and then performed on site. This allows personnel to avoid 
mistakes that may have serious consequences and automate instantaneous generation of many accompanying 
documents: before that, they took hours to compile manually, even by the most qualified employees. 
In 2013-2015, the Orders subsystem was put into commercial operation and is now used by all dispatching 
services in the area.  
It is now clear that it is impossible to build a good order tracking system without linking it to the electronic 
network model. We strongly believe that the electronic model of a water supply system comprising the entire 
operating configuration is essential; this model is absolutely necessary not only to deal with dispatching tasks but 
also to meet other practical operating challenges faced by the water utility sector. 
Fig. 1. Complete hydraulic/certification model (water supply + sewage) 
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1.4. Results 
The electronic production model for the water supply system turned out to be quite large-scale, with almost 85 
thousand nodes (by the way, the water supply model has a lot more nodes, over 130 thousand). The model was 
calibrated against field measurements and comparable results were obtained for multiple-option hydraulic modeling 
of water supply networks. Following the model analysis, a preliminary plan was developed to optimize the water 
supply system that covers much of the city's area; this work is still under way.  
The model and calculation data analyses show that the water supply system has a very large reserve. In this 
respect, Nizhny Novgorod is a unique city: here the network capacity reserve is generally over 300%. On the one 
hand, this is good; on the other hand, it creates problems because velocities in the large part of the network are less 
than standard values. Some velocities are close to critical (0.1..0.2 m/s), which directly affects water quality. During 
the model analysis a number of key factors that cause substandard hydraulic conditions have been found: shut-off 
valves “forgotten” in the closed position; air locks at the top points of the networks; scale in water lines. Following 
CityCom-based recommendations on how to optimize network performance, Vodokanal was able to put into practice 
something they had been meaning to achieve as their long-term targets for many years, namely: to stop buying a lot 
of water and shut down several pumping stations. 
In addition to the elimination of the shortcomings, another suggestion based on the multiple-option modeling was 
to build several short connection sections for better flow redistribution and pressure balance. These sections 
stabilized network pressure and raised it in areas with inadequate head pressure. Furthermore, they made it possible 
to shut down almost 30 booster pumping stations and provided a substantial cost advantage at minimum capital cost. 
The total effect from all optimization efforts is expected to be so high that all expenses by Vodokanal to purchase 
and introduce CityCom, including network inspection, model population and calibration costs, will be paid back 
within just a few months. 
During the commercial operation of CityCom, Vodokanal experts concluded that the electronic production model 
had to be supplemented with several additional CityCom applications, including property recording and inventory 
for the Asset Management Department, a model of power supply networks for all pump stations, with their full 
flowcharts and process descriptions, etc.   
 The dispatching service continues to expand its scope of interest: after the Orders application, CityCom 
applications for automated decision making for accident containment and actual switch logging were introduced in 
2015. 
According to Vodokanal experts, now when CityCom information technology covers almost all services and 
departments and is an integral part of the production process, it is hard to imagine how they managed without all this 
5-7 years ago. 
2. CJSC Chelnyvodokanal (Naberezhnye Chelny) 
2.1. A Water Utility as an Object of Computerization 
CJSC Chelnyvodokanal provides services to the city of Naberezhnye Chelny with a population of 520 thousand 
people. The company has a well-developed infrastructure, including pump stations, treatment facilities, water supply 
and distribution networks, and sewerage systems for wastewater collection and transportation.  
The total length of water distribution lines is 624.8 km; household sewer lines, 506.2 km. The company services 
almost 8.5 thousands facilities connected to the water supply and sewerage systems. The daily amount of water 
withdrawn from the Kama River is about 200 thousand cub. m. 
The city started to grow quickly in the early 2000s, with new residential neighborhoods popping up throughout 
the city. Calculation and design speed and quality of network reconstruction and construction by third party 
contractors were too low to respond to rapidly changing conditions in a timely manner. This is why Vodokanal 
decided to develop a computed water supply model on its own, in order to be able to perform multiple-option 
calculations and select the best solutions independently, without asking other companies or experts for help. 
So, at first it was simply about hydraulic modeling tools. The tools and the solution provider were selected 
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according to the only criterion: who on the Russian market has the best speed, quality and performance for industrial 
implementation of water supply system e-modeling tools. Based on market research and direct contacts with water 
utilities using similar solutions, the company selected CityCom as their tool. 
The company's experts accomplished the goal in no time: it took them just 9 months after the CityCom software 
tools were purchased and deployed and data entry started to develop a full electronic model of the city populated by 
half a million people, which describes water supply networks to each house connection, and put the model into 
commercial operation. 
When Vodokanal experts were working on the computed hydraulic model, they realized that they could use the 
available tools for more complicated production tasks than simple hydraulic modeling.  
By 2010, CityCom software was used to draw and certify in detail almost 470 km of networks and more than 
3,600 wells in the water supply system alone, with photos of wells, valves, and landscape surroundings attached.  
However, the situation with an electronic production model for sewerage systems was a bit more complicated, 
because there were no sufficient documented data on network sections. Since there was no accurate technical 
documentation for many pipe sections and wells, minimum pitches, i.e. the worst hydraulic scenario, were assumed 
as a first approximation to allow hydraulic modeling.  
What is the role of CityCom in Vodokanal today and for what purposes do the company's experts use its 
electronic modeling tools on a daily basis?  
2.2. Hydraulic control optimization, hourly regulation 
The first and the most important function is to compile pressure and flow rate performance charts for the gates of 
Level 2 station, which supplies water to the city's distribution network. The main point is to determine the required 
pressure for consumer supply. Before CityCom was deployed, this was done by trial and error: the dispatcher 
followed consumers' complaints (or rather the lack of complaints).  
The deployment of the CityCom-based electronic model made it possible to calculate the required pressure at the 
gates of Level 2 station precisely. The pressure is calculated using a special tool for hourly water consumption 
modeling; in this case, the electronic model allows estimating pressures at the highest and worst points in the city's 
networks.  The city is designed with nine-story buildings, which means that the rated consumer pressure should be 
maintained at min. 42 m w.c. as per the construction rules and regulations. Pressure is determined on the electronic 
model for each time of the day based on known water consumption and subject to consumption variations during the 
day; this pressure should be maintained at Level 2 station to ensure the rated supply parameters for all consumers.  
An hourly performance chart is compiled for each month based on CityCom calculations. In addition to work days, 
Saturdays, Sundays, and holidays are calculated separately.  
CityCom analytical tools, such as coloring the networks as per flow speed rates, identified problem areas in the 
water supply network where pressure drops suddenly because the flow speed is too high. Rehabilitation and/or 
restoration measures were planned for such network areas with a low capacity. This allowed the company to reduce 
pressure at the gates of Level 2 station from 8..9 kgf/cm2 to 6..7 kgf/cm2, which translated into a 40% cut in power 
consumption.   
Keeping in mind the model results, the company decided to install variable speed drives (VSD) on pump units. 
VSD operation algorithms included pressure charts from CityCom performance charts for each hour of the day. The 
calculations showed that during one year of VSD operation according to the performance charts the company's 
additional savings exceeded 3 million kilowatt hours, or over $200,000.  
2.3. Network zoning and shutdown of pump stations 
The next stage of optimization included network zoning by pressure and installation of pressure controllers in 
zones with excess pressure.  
Following the simulation modeling of controller installation and taking into account lower water consumption 
over the past few years, the company decided to decommission two Level 3 pump stations. The shutdown of these 
pump stations has saved more than $180,000 per year. It is obvious that this decision could not have been made 
without modeling in CityCom first. 
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2.4. Reduction in losses and the number of accidents, repair planning 
Since damage and losses are directly related 
to pressures, efforts taken to adjust hydraulic 
conditions using CityCom allowed the company 
to reduce losses and the number of accidents in 
water supply networks considerably.  
After network pressures were reduced and 
the required repairs completed, Vodokanal saw 
an amazing downward trend in losses: if 
drinking water losses in the city's networks 
amounted to almost 25% in 2005, then they 
were down to 6% by 2013 (Fig. 2). This 
reduction in clean water losses is equivalent to 
the annual average savings of approximately 
$7.3 million. During the same period of time, 
the number of ruptures in the networks was 
reduced by more than half (Fig. 3). This was due 
to the absence of pressure surges after the 
installation of a variable speed drive at the 
pump station, as well as to lower network 
pressures in general. 
The fact that damage is recorded and 
visualized in CityCom makes the selection of 
network sections and equipment that require 
priority overhauls much easier. The Damage 
application and other CityCom analytical tools 
offer the possibility not only to plan overhauls 
but also to change line diameters to save money 
on purchasing new, smaller pipes. 
 
 
2.5. Maintaining water quality during shutdowns and switches 
Processing shutdown (section isolation) requests received by the dispatching service from various departments is 
an important daily routine. Lower water consumption over the past few years has been putting more stress on water 
quality. As water flows more slowly in pipelines, secondary contaminants (deposits) start to accumulate in pipes. 
Any switching changes the flows making water turbid; therefore, the quality of water supplied to consumers 
deteriorates.  
The first step in the shutdown algorithm is to determine the closing sequence for shut-off valves. The electronic 
model is used to determine the water flow direction and model the closing sequence for shut-off valves; as a result, 
recommendations for correct isolation of this particular section are provided.  
The second step in the algorithm is to monitor limitations of consumer pressure: the rated consumer pressure is 
always checked in CityCom when the shutdown for the section isolation is modeled. 
The third step is to prepare a list of water consumer facilities to be shut down.  
Finally, the last step is to identify sections where the flow direction has changed after the shutdown. To do this, 
special graphical highlighting is used on the flowchart and a relevant analytical report is generated. When these 
sections are identified, the list of consumers who may receive turbid water is prepared. A request is issued to notify 
such consumers or a list of hydrants or drains is prepared through which the sections affecting the quality of water 
Fig. 2. Drinking water losses in Nab.Chelny, % (by years) 
Fig. 3. Water supply pipeline ruptures in Nab.Chelny (by years) 
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supplied to such consumers may be flushed. The final document containing the results of all algorithm steps is sent 
over to management companies in charge of residential buildings and to other consumers who will be affected by the 
shutdown.  
Under the Russian law, a utility provider is not entitled to payment for substandard quality services for the entire 
period of time when such substandard quality exists. Therefore, measures to maintain water quality allow the 
company to avoid a considerable volume of “unsold” water and prevent losses in the amount of approximately 
$100,000 per year.  
2.6. Development and issue of connection specifications; other tasks 
Complicated hydraulic calculations are often needed to issue consumer connection specifications. CityCom is 
used to model consumer connections with specified loads and determine any potential changes in the hydraulic 
conditions in the network and measures required to maintain these conditions. Today, Vodokanal experts are 
confident that it is impossible to issue correct connection specifications without e-modeling because this job cannot 
and must not be done in the dark. 
In addition to the above calculation and analytical functions, it should be mentioned that various Vodokanal 
services and departments use CityCom as an “electronic passport of the network”, where they can get any 
information they need, such as: the year when a line was laid or repaired; line diameters and lengths; pipe material, 
and well specifications, including photos. There are even videos of internal diagnostics of sewerage system sections 
made by an inspection robot.  
 
 
The approach to workflow computerization in the water utility sector described in this paper will eventually improve 
ergonomic and economic performance and quality of water supply management processes in urban territories and 
also enhance safety of urban life support systems, because water supply and sewerage facilities are an integral part 
of essential services. 
